Mineral beneficiation processing such as coal, gold, copper, iron, and a host of other ores are aqueous separation processes which usually require huge volumes of water that are continually recycled. Scale formation in process lines and equipments can be quite severe. Plant downtime due to uncontrolled scale formation can have a direct negative economic effect. In the present paper, a case study is done for a copper smelting process. In the fluid-process plant, pumping costs can run as the main operation costs. The diameter of the pipe strongly influences the present value of the plant, through both the annual cost of electric power and the installation cost of the piping system including pipes, pumps, and valves. Scale formation on the inner side of a pipe results in increasing the pressure drop; therefore, required energy for pumping is increased. Anti-scale material injection can prevent calcium carbonate deposition at numerous points in the process that are susceptible to scale formation including pipes, pumps, and etc. In the present project, Factors which affect scale formation including PH, temperature, turbulence, pressure, and aeration are investigated in detail. A technical method by using scale coupons is introduced to measure scale growth in process lines. By this method, a quantitative determination is also possible in addition to a qualitative analysis of the scale formation by visual inspection. The combination of three mechanism including inhibition of crystal formation, particulate dispersion, and modification of crystal structures results in excellent scale protection at optimum cost performance. The effect of scale formation on the energy consumption is studied for slurry pipeline of copper factory.
Introduction
Energy and water are inseparably linked. Water utilities in fluid-process plants use energy to pump, treat, and distribute water supplies. By conserving water, water utilities can save energy. Water conservation is consistent with the dominant goals of the New Energy Economy, and is an important component of moving industries towards a more sustainable future. Water conservation can provide immediate, direct energy savings. Equally important, it delays or eliminates the need for utilities to develop new water supplies, which are, in most cases, more energy intensive than existing supplies. Water conservation represents a "win" on four fronts: it saves water, saves energy, saves consumers' money on their energy, water, and wastewater bills and helps avoid new, potentially damaging water supply projects [1] . Scale formation is a significant problem in fluid-process plants which impacts on water conservation. It may increase pumping energy as a result of flow reduction inside pipeline. Water balance of process is consequently impacted leading to water conservation breakdown. Thus, Scale control can be employed in order to prevent tremendous costs associated with scale related problems, mainly, unscheduled shutdown of a process, reduced process efficiency, and equipment deterioration and replacement [2] . In mineral beneficiation processing, water is used to facilitate separation of the desirable mineral product from waste solids. These are aqueous separation processes, which usually require huge volumes of water that are continually recycled. Fouling ions in the process streams can rise to levels where super-saturation occurs. Scale formation in process lines and equipment can be quite severe. Left unchecked, scale can actually shut down an entire operation. Plant downtime due to uncontrolled scale formation can have a direct negative economic effect [2] . In the present research, we introduce a technique to prevent scale formation in a copper smelting process. A typical water balance diagram is shown in figure 1 . As mentioned earlier, water is consumed to make separation processes easier and more desirable in a cycle. Raw water is conveyed from the reservoir of a dam to the raw water tank. Then, the raw water is distributed to the different parts of the cycle including concentrator, pump stations, cyclone, and etc. As shown in figure 1, return water from concentration unit is transferred to a head tank by pump stations. Return water includes slurry and tailing particles which are susceptible to settle in pipelines and pumps blades resulting in scale formation and sedimentation. Scale formation on the inner side of a pipe results in increasing the pressure drop; therefore, required energy for pumping is increased. So, the path of return water including pump stations, pipelines, valves, and relevant equipments is a critical part in this process cycle. The flow chart of return water path is illustrated in figure 2 . Because of high quantity of sediment in pipelines, the friction of pipe surface is significantly changed. In The following sections, anti-scaling method used to remove sediment is described and effective parameters on scale formation are explained for a case study in Sungon copper complex located in Azarbaijan, Iran. 
Scale control and Energy Recovering

Mechanism of Scale Formation
In order to understand how chemical additives inhibit scale formation, the following mechanism should be examined.
( Aeration of aqueous solutions produces carbonic acid, which quickly ionizes when the pH is greater than 4 to hydrogen and carbonate ions (Reactions 1 & 2 above). In the presence of soluble calcium, the carbonate ion sets the stage for calcite crystal formation, as expressed in Reaction 3. The crystalline structure of calcite has large flat surface planes that can attach strongly to surfaces [2, 3] .
Factors Which Affect Scale Formation
Some of the factors that influence calcite scale formation and should be monitored are listed below: PH -Higher PH values increase carbon dioxide uptake, decrease calcium carbonate solubility, and force equilibrium towards the formation of carbonate ions from bicarbonate. Temperature -Higher temperatures cause calcium carbonate to precipitate and form scale, due to carbon dioxide's inverse temperature solubility characteristics, which forces carbon dioxide to convert to carbonate. Turbulence -Areas of high turbulence cause nucleation to occur due to system stress. Pressure -Low flow rates can affect the rate of nuclei growth or dissolution, and enhance deposition. Aeration -Aeration of aqueous systems increases the ultimate scaling potential due to increases of dissolved carbon dioxide and resulting carbonate formation [2] .
Energy Saving of Pump Systems
It is important to consider that the initial capital cost of a pump is typically only a small fraction of its total life cycle costs. In general, maintenance costs and energy costs represent by far the most significant fraction of a pump's total life cycle costs. In some cases, energy costs can account for up to 90% of the total cost of owning a pump. Thus, the decision to make a capital investment in pumping equipment should be made based on projected energy and maintenance costs rather than on initial capital costs alone [1] . Inadequate maintenance can lower pump system efficiency, cause pumps to wear out more quickly, and increase pumping energy costs. The implementation of a pump system maintenance program will help to avoid these problems by keeping pumps running optimally. Furthermore, improved pump system maintenance can lead to pump system energy savings of anywhere from 2% to 7% [1, 3] . Scale formation on inner surface of pipes results in area reduction of fluid flow. Therefore, it can significantly increase the amount of energy required for pumping. Scale control as a hydraulic optimization of the system is likely only cost effective during greater pump system retrofit projects. Xenergy [4] estimates typical industrial energy savings in the 5% to 20% range for this measure.
Hydraulic Optimization
As mentioned earlier, a case study is performed for a copper smelting process; namely, Sungon copper complex. Return water process is a critical and vulnerable part to scale formation. The hydraulic condition of the return water pump station is shown in table 1. The schematic diagram of return water pump station is illustrated in figure 2 beforehand. Return water includes slurry and tailing particles which can settle on the inner surface of the pipes and the impellers of the pumps. Figure 3 shows the effect of scale formation on the pump described in table 1. As can be seen, a thick layer of sediment is created on the blades leading to deterioration of the pump and breakdown of the process. After sedimentation on pump blades, a considerable decrease in flow can be observed. Therefore, scale formation causes pump performance to be changed. A comparison between characteristic curves of pump is shown in figure 4 for two cases, namely, before sedimentation and after sedimentation. The results obtained by experiments and hydraulic tests of the pumps reveal a difference between existing and nominal flow rates due to scale formation on pump impellers and blades. This Chemical additives retard crystallization due to the "threshold" effect. This effect results in an inhibition or delay of crystal nucleation and precipitation. This is considered calcite stabilization. Chemical additives can also adsorb on crystal growth sites and alter the final structure of the crystal. Chemical additives adsorb on crystal surfaces, resulting in a dispersion of the particles in the water phase. When organic polymers are used, modification of the percent charge and molecular weight has a dramatic effect. The carboxyl group of the polymer can attach to the surface of the particle, resulting in a dispersed particle. A particular antiscalant is used for scale removal of return water pumps and pipes in Sungon copper complex. The specification of the antiscalant is given in table 2. Recommended dosing of the antiscalant is 7-10 ppm which depends on water flow rate as well as water specifications like temperature, pH, and insoluble solid concentration. The Mining Scale Coupons are used to measure scale growth in process lines. The coupon assembly is inserted into the pipeline through a one inch ball valve that has been attached to the process pipe. This valve should be threaded onto a one inch pipe that has either been welded into the process pipeline for steel or saddle mounted or threaded for plastic pipelines (figures 5,6 and 7). They can be positioned in both horizontal and vertical line. The specific location of a coupon along a pipeline is dependent upon the characteristics of the system. It is advisable to place the coupon in an area where scale has been seen or is anticipated due to "stressing" of the process water (e.g. after pumps, where waters mix or pH chemicals are added). In treated systems, it's common to place a coupon at the end of the line to insure the treatment is effective over the length of the pipe. 
Conclusion
Based on results achieved from pump tests, it is revealed that scale formation causes flow rate to be decreased in a constant head leading to more energy consumption. It is clear that fouling growth goes up in time; therefore, a scale control method should be employed to prevent damaging effects. Scale formation has a strong impact on inner surface of pipes resulting in increase of surface friction and decrease of fluid flow area as well. The Mining Scale Coupons are used to measure scale growth in process lines. In addition to a qualitative analysis of the scale formation by visual inspection, a quantitative determination is also possible by weighing the coupon prior to insertion into the line. For quantitative analysis, an insertion period of 7 to 30 days is recommended. Coupon preparation for weighing is to dry in an oven at 100°C for one hour, allow cooling and weighing. Weight gain can be expressed as milligrams/day. The coupon can be cleaned and reinserted into the system. The quantitative analysis can be used to assess product effectiveness, dosage requirements, changes in scaling due to process changes, or to demonstrate changes in scaling during a specific period. In addition of scale removal technique, a solid pump system maintenance program according to the following tasks is recommended to ensure energy conservation.
• Replacement of worn impellers, especially in corrosive or semi-solid applications.
• Bearing inspection and repair.
• Bearing lubrication replacement, on an annual or semiannual basis.
• Inspection and replacement of packing seals. Allowable leakage from packing seals is usually between 2 to 60 drops per minute.
• Inspection and replacement of mechanical seals. Allowable leakage is typically 1 to 4 drops per minute.
• Wear ring and impeller replacement. Pump efficiency degrades by 1% to 6% for impellers less than the maximum diameter and with increased wear ring clearances.
• Checking of pump/motor alignment.
• Inspection of motor condition, including the motor winding insulation.
